hot off the press
hot off the press D NA within eukaryotic organisms is packaged into chromatin, which helps organization and compaction of the genetic material in the limited space within the nucleus. However, for efficient transcription, nucleosome positioning must be dynamically regulated, either allowing access to the transcription machinery or to block spurious gene expression [1] . Nucleosomes are inherently stable structures, with multiple contacts between DNA and the histone octamer. To perturb nucleosomes, eukaryotes have molecular machines called chromatin remodellers. These bind to DNA and the octamer core and harness the energy of ATP hydrolysis to disrupt DNA-histone contacts [2] . Swi/Snf-like chromatin remodellers slide or evict nucleosomes exposing DNA segments, which allows binding by transcription factors [2, 3] . By contrast the ISWI and CHD family of remodellers slide and space nucleo somes to form ordered nucleosomal arrays that are refractory to transcription [2, 3] . Nucleosomes are made up of a histone octamer core, with the DNA wrapped oneand-three-quarter turns around it. DNA enters the nucleosome through a distinct entry site and extrudes out of the exit site (Fig 1) . Unlike Snf2, ISWI and CHD remodellers contain accessory DNA-binding domains, HAND-SANT SLIDE, at their carboxyl termini, in addition to the conserved helicase domain [2, 3] . The helicase domain of ISWI and CHD enzymes binds to nucleosomal DNA at super helical location2 (SHL2), a region that is two helical turns away from the centre of the nucleosome (dyad axis), whereas the DNAbinding domain contacts super helical location 7 (SHL7) near the DNA entry site (Fig 1) . Single-molecule studies show that remodelling ensues when the helicase domain bound to SHL2, uses ATP hydrolysis to translocate DNA in 1 bp increments [4] . These steps of translocation allow 7 bp to extrude from the exit site, simultaneously resulting in a strain on the nucleosomal DNA. For movement of DNA into the nucleosome, it has been hypothesized that an ATPase-dependent power stroke generates force between the helicase and DNA-binding domains, which allows entry of 3 bp of DNA into the nucleosome and releases the strain on the DNA (Fig 1A) . Subsequent exit of DNA happens in 3 bp increments that are coupled with entry of DNA of similar length. However, studies have shown that the introduction of nicks or singlestranded gaps, which work to release strain on the nucleosomal DNA, does not significantly affect remodelling [5] . Also, deleting or mutating the DNA-binding domain of these proteins only partly reduces remodelling [6] . These observations argue against a strict requirement for a power stroke.
The question remains, therefore, of whether a power stroke is needed for efficient remodelling by ISWI and CHD remodellers. In this issue of EMBO reports, two studies, one on yeast Chd1 and the other on Drosophila ISWI, address this very question [7, 8] . A power stroke necessitates the rigid coupling between helicase and DNAbinding domains, which suggests that the linker between the two domains should be of a defined length. Both research groups have focused on studying how altering the length of this linker region affects remodelling of nucleo somes. Deletion of the HAND-SANT SLIDE domain of ISWI or shortening of the linker region of Chd1 to around 150 amino acids significantly affected remodelling activities of the proteins [7, 8] . These results are in accordance with previous studies, which suggests that a linker of sufficient length connecting the two domains is critical for simultaneous engagement of the DNAbinding domain to SHL7 and the helicase domain to SHL2 [6] . However, if a fixed length of linker were needed for remodelling, increasing the length would be expected to decrease the efficiency of coupling between the helicase and DNA-binding domains. Such an effect would in turn alter communication of the power stroke generated by the helicase domain to the DNA-binding domain, thus disrupting movement of DNA into the nucleosome from the entry site. Interestingly, introduction of additional flexible stretches of amino acids between the helicase and the DNA-binding domains of Chd1 or ISWI had no significant effect on their remodelling [7, 8] . In ISWI, the HAND-SANT domain regulates ATPase activity of the helicase domain, and it should be also important for communicating the force generated by the helicase domain to the DNAbinding SLIDE domain [6] . Introduction of short amino acid stretches between the helicase and HAND-SANT or the HAND-SANT and SLIDE domains had only minor effects on remodelling [8] . Also, a mutant Chd1 proAlso, a mutant Chd1 protein in which the nonspecific DNA-binding domain was replaced with a sequencespecific one, efficiently remodelled nucleosomes on templates with sequence-specific binding sites when the linker region was long enough to allow for contacts of the DNAbinding domain with the sequence-specific site [7] . These results suggest that the important function of the DNA-binding domain is to anchor the helicase domain onto the nucleosome for effective remodelling. Furthermore, they argue against a need for strong coupling between the two domains and generation of a power stroke needed to dissipate the torsional force on the DNA strand. Instead the strain on the DNA can be relaxed by conformational changes of the DNA-binding domain, causing it to temporarily release DNA, which then allows 3 bp to be ratcheted into the nucleosome (Fig 1B) .
So what roles do the DNA-binding domains of ISWI and CHD play in remodelling nucleosomes? The answer may lie in the inherent differences in how the Snf2-like family of chromatin remodellers disrupts DNAhistone contacts. In Swi/Snf-like complexes that do not contain accessory DNA-binding domains, the catalytic subunit remodels nucleosomes by intercalating between the histone core and DNA gyre, thereby breaking DNA-histone contacts [9] . This results in the formation of loops of around 50 bp that can propagate around the nucleosome. By contrast, ISWI remodellers translocate by binding to DNA on the outer surface of nucleo somes and causing only small disruptions in the DNA-histone contacts [9] . DNA-binding domains may function to correctly position the helicase domain on SHL2, and keep it productively engaged with the nucleosome so that each ATPase cycle allows for small but continuous translocation on the DNA. Furthermore, since ISWI and CHD remodellers work by spacing nucleosomes [2] , the DNA-binding domain may recognize and bind to DNA, which would allow directional sliding by the helicase domain, while simultaneously acting as a sensor of precise linker lengths between nucleosomes and preventing collision with neighbouring nucleosomes. This allows for well-positioned arrays of nucleosomes around 15-20 bp apart, as observed in Saccharomyces cerevisiae [10] . The activity of chromatin remodellers can be modulated by either members of the specific remodelling complexes or by other factors. The DNA-binding domains are attractive candidates for interaction with regulatory proteins that can influence localization and function of these enzymes.
